pathology. Among the various choices available for epilepsy surgery, this procedure provides the highest rate of seizure control (average 77-80%, Class I Engel) when performed in properly indicated patients. [1, 2] This has replaced the more invasive hemispherectomy [3, 4] as the latter not only leads to more blood loss, but is also associated with significantly higher rates of hydrocephalus, cerebral hemosiderosis, and sudural collections. After its first description by Rasmussen, [5] functional hemispherotomy gained gradual popularity with two major techniques having been described: a vertical parasaggital approach described by Delalande [6] [7] [8] and a peri-insular technique described by Villemure [9, 10] and later more modifications being described. [11, 12] A number of other techniques (especially some describing a less invasive route) have been developed by various authors, but all of them are based on the two surgical principles described above i.e. hemispherotomy performed either through a trans-cortical transventricular route (Delalande) or through a perisylvian access (Villemure) . The authors discuss their own experience with both procedures and present the results of their cases.
in oblique coronal planes 3-mm thick, perpendicular to the principal axis of the hippocampal formation). Gadolinium enhancement was used if a structural pathology was suspected (done in six cases). An interictal single photon emission computed tomography (SPECT) study was done using HMPAO. In patients with normal imaging and non-concordant VEEG and MRI, an ictal SPECT was done using Tc-ECD. Ictal and interictal SPECT subtraction (SISCOS) and co-registration with MR imaging (SISCOM) were also performed when indicated (in eight cases).
Patient population: Age raged from 4-23 years, with a mean age of 5.2 years and a median of 6.2 years. They were 14 males. The seizure frequency ranged from 2-200 episodes per day. The average frequency was 12.8 episodes per day (median 28.2). The mean age of onset of seizure was 2.1 years (SD 3.6 years, range five months-8.2 years). Four patients were in status (of these, one patient had to be paralyzed and ventilated before undertaking surgery on a semi-emergency basis). Three had epilepsia partialis continua (pts 13,16,17: Table 1 ). Out of the remaining 12/19 patients, five patients were hemiplegic on the affected side but were able to stand and even walk with support due to the presence of spasticity (pts 9-13, 18; Table 1 ). All the seven other patients were hemiparetic (pts 1-7; Table 1 ) and had a power varying from 3-4+/5. Three of the patients had a proportionately better upper limb power as compared to the lower limb power, with a relatively better preserved 'pincer grip' (4+/5) (ability to oppose the thumb and the index finger)(pts 1-3; Table  1 ). Four patients had better preserved lower limb power as compared to the upper limb with a weaker pincer grip (pts 4-7, Table 1 ).
Surgical procedures: Of the 19 cases, eight patients were subjected to a vertical parasaggital approach and the rest to a peri-insular approach. [11] Five patients underwent a left-sided procedure. Neuronavigation was used in seven cases.
Vertical parasaggital approach [VPH] : Here the patient was positioned supine with head flexed by about 30-40 degrees fixed rigidly on a three-pin clamp. A parasaggital fronto-parietal craniotomy of size 5 x 5 cm was performed centered on the coronal suture. A 3x3 cm cortical corridor was created till the body of the lateral ventricle. Under microscope, hemispheric disconnection was carried out lateral to the thalamus and the basal nuclei. For further details of the technique, the reader is referred to Delande et al. [6, 8] .
Peri-insular approach [PIH]:
The surgical principle is based on the peri-insular access described originally by Villemure et al. [9] [10] Here a fronto-temporal craniotomy is performed centered over the Sylvian fissure. A 'C'-shaped cortical corridor is created to the lateral ventricle. Disconnection is then performed connecting the internal surface of the ventricle till the medial part of the hemisphere all around the ventricle. At the end the central peri-insular 'block' is then excised as close to the sphenoid ridge as possible.
The choice of surgical approach was decided by two main factors, [1] ventriculomegaly [2] and a distance greater than 10 cm from the vertex till the temporal horn. The surgeon preferred a vertical parasaggital approach [VPH] if there was a significant ventriculomegaly and the distance between the vertex and temporal horn was less than 10 cm. A peri-insular [PIH] approach was preferred otherwise. These indications were not very strictly adhered to. The senior author [PSC] generally preferred VPH in younger children. The main reason for [factor 1] was because ventriculomegaly facilitated a better as ventricular access through a narrow corridor . The cutoff distance of 10 cm [factor 2] was selected as this generally represents the furthest 'comfortable' working point on an operating microscope and a distance more than this generally makes hand maneuverability more difficult. Considering that the distance between the vertex and the temporal horn represents the maximal distance while performing a vertical parasaggital procedure, this factor was considered by the author. However, it is to be mentioned that this has been only based upon the surgeon's perception and not on any existential evidence. A more objective study would be required to clarify this. The author also preferred VPH in very small children as the size of the head was smaller in them, the size of the craniotomy used by the surgeon was smaller and the blood loss was also less (see results).
The details of these procedures have already been described in the literature. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In the initial cases, neuronavigation [Stealth, Medtronic] was used, as this provided a good anatomical perspective and a better learning. Similarly, in the initial cases, a large craniotomy was performed, more experience helped us to reduce the size of the craniotomy. Following the surgery, a ventricular drain was left for 24 h. This helped in draining out the blood-stained CSF, which the authors believe reduces the incidence of hemosiderosis. No conversion from one to the other procedure was required in any of the cases.
The completeness of the hemispherotomy was judged intra-operatively by the surgeon. Hemispherotomy was usually performed starting from the frontal end and then was extended to the temporal end. Tailed cotton patties or surgicel were placed serially along the depth of the disconnected hemisphere to confirm complete disconnection at the end of the surgery. Immediate postoperative plain computed tomography (CT) scan was performed in all cases within a week and MRI was performed at around one month of follow-up not only to confirm the disconnection but also to look for complications like hydrocephalus or a subdural collection.
Postoperative assessment: This was carried out using seizure outcome parameters of Engel [1] [ Table 2 ], assessment of motor weakness, language and cognition. Antiepileptic drugs were continued for one year and then tapered as per the discretion of the treating neurologist. A complete indigenous neuropsychological battery [13] was used whenever feasible (16 patients). In three children who were severely retarded, only a basic assessment of memory and intelligence was performed. Assessment was performed in the immediate postoperative period, at seven days, one month, three months, six months, one year and then annually.
Results
Clinical semiology: From a total of 19 patients, (14 boys), five underwent a left hemispherotomy and the rest a right-sided procedure. The mean age of onset of seizure was 2.1 years (SD 2.29 years, range five months-8.2 years), the mean age at hemispherotomy was 8.1 years (range 4-23 years). A majority of the patients were sick with a very high seizure frequency ranging from 2-200 per day. The mean preoperative delay after the onset of epilepsy was 9.2 years.
Surgical procedure and pathology: Eight underwent a VPH procedure and 11 a PIH [ Table 1 ]. The etiologies included Rasmussen's, [8] hemimegelencephaly, [4] hemispheric cortical dysplasia, [1] post-stroke, [4] posttraumatic encephalomalacia [1] and encephalopathy of unknown etiology. [1] Between the two procedures, there was no difference in seizure outcome. There was also no necessity to convert one procedure into the other.
Seizure outcome: Follow-up ranged from 32-198 weeks (mean of 78 weeks). Eighteen patients had a Class I outcome and one patient had a Class II outcome. The latter patient was aged nine years, and pathology revealed nonspecific encephalopathy (patient no. 12; Table 1 ). Magnetic resonance imaging showed patchy signal changes in the healthy hemisphere too.
Motor outcome: The age of surgery and hemiparesis were found to be the most important factors to assess the postoperative outcome of weakness. In this regard, weakness of the upper limb particularly the "pincer grip" was important. In the three patients where the power improved following surgery, the ages were 4, 4.8 and 5.2 (patient nos. 1-3; Table 1 ) and all formed the younger age groups in the series. All these patients had a better preservation of the lower limb power as compared with the upper limb and were unable to perform the pincer's grip. In comparison to this, four patients had an initial worsening of power (patient nos. 4-7; Table  1 ). In three of these the pincer grip was well preserved and the lower limb power was proportionately more involved as compared to the upper limb. All these four patients also represented patients in the higher age range in the series (ages six, eight, nine and 23 years). Thus younger age of surgery and proportionately better preservation of the lower limb were factors found to be associated with better motor outcome. However, we do agree that the present series is too small to draw a reasonable conclusion. Language outcome: Of the five patients who underwent a left-sided procedure, Functional MRI (fMRI) was performed in all before surgery to assess the bilateralism of motor movements. fMRI for motor activity only was included in this study. Language fMRI though performed was not utilized due to the unpredictability of interpretation of the data (due to absence of proper controls). Wada test was not done in any of the cases as it was not available at our institute. In four of these patients, motor power showed bilateral activity. This was the basis of assuming that the language may have also shifted to the other hemisphere. Following surgery, three patients developed language deficits (patient nos: 2,5,12). One patient became completely mute and took around 12-18 weeks before he developed any word output. Two patients developed transient and partial deficits which improved in one to two weeks. It is to be noted that none of the patients developed any comprehension deficits.
Cognitive outcome: For neuropsychological evaluation, we used a customized battery drafted in Hindi. The reliability of the battery in terms of test-retest and interexaminer variance had also been established prior to use in our epilepsy surgery program. On both of these reliability tests, the reliability coefficients (0.926 and 0.967, respectively) were significant at the P = 0.001 level, which means that scores are stable over time and there is negligible interexaminer variance in seizure outcome. The details of these have been published earlier.
In cognitive faculties, all except three patients improved significantly (>2 SD) and 11 returned back to school. Even in the three patients who were severely retarded, subjective improvement were reported by parents though not significant.
Complications: Seven complications developed in three patients. These included subdural hygroma (2), hydrocephalus (1), meningitis (1), wound gaping (1), deep venous thrombosis (2) [ Table 1 ]. There was no mortality. Subdural hygromas developed in the initial cases, during the learning curve when more parenchyma was 'excised' while performing the hemispheric disconnection. This problem was overcome with reformation in the technique. Both the hygromas required a burr hole evacuation. One ultimately required a subduroperitoneal shunt. The patient with hydrocephalus required a shunt too. All the complications resolved with appropriate treatment.
Discussion
Hemispherectomy as a procedure for intractable epilepsy has been described earlier in Indian literature. [12] Hemispherotomy while has been described either sporadically or as part of a large series has not been compiled as a separate entity. [13] [14] [15] The present paper is perhaps the first documented paper in Indian literature on a comparatively large series of this relatively uncommonly performed procedure with a follow-up of up to four years.
The technique of VPH has been developed by Delande, [6] [7] [8] while the PIH has been developed by Villemure [10] and later modified by many others. [11, 12] Both the procedures have demonstrated equal efficacy in terms of morbidity and seizure outcome. The senior author [PSC] performed the first procedure using the vertical parasaggital approach. During the initial stages neuronavigation [Medtronic stealth; used in seven cases] was utilized to orient the surgeon to the anatomy and provide a smooth learning curve. Subsequently, the peri-insular hemispherotomy was utilized. Presently, the author prefers both procedures as per an approximate guideline given below.
Since both techniques of surgeries (VPH and PIH) have been performed by the same surgeon in the present series, some approximate guidelines have been proposed for either technique. Generally the authors have found that in small children, a VPH was more useful as it involves a smaller incision. Moreover, the structures required to be disconnected being at a greater depth in this procedure are more easily accessed in small children (with small heads). The presence of ventriculomegaly makes this technique easier. As a guideline, a distance of less than 10 cm between the vertex (point of entry) and the temporal horn has been used as a rough cutoff point in deciding to perform VPH. The reason to select this point is because this is the upper limit of comfortably working under the microscope through a cortical incision. A distance of more than 10 cm has been associated with greater difficulty in performing VPH. While we agree that these parameters have not been described elsewhere, these have been the impressions of the surgeon using both the techniques. A PIH involves a larger scalp incision and the structures to be disconnected are more easily accessed, thus the authors felt that this technique is more convenient for older children. Thus pathologies like hemimegelencephaly with large hemisphere, abnormal tissue and 'chinked' ventricles would be more easily disconnected with a PIH while post-stroke hemispheres with a large ventricle and an atrophied cortex would be better dealt with a VPH. It is to be emphasized again that these are only approximate guidelines suggested by authors for epilepsy surgeons in order to use both the techniques optimally.
Concerning the efficacy on seizures, for VPH (mostly described by one author [6] [7] [8] ) about 74% of the patients were seizure-free with no seizure recurrence in a longterm follow-up.
Globally, with lateral hemispherotomy, the rate of patients achieving Class I Engel's outcome ranges between 68 and 88%. [9, 13, [16] [17] [18] [19] [20] [21] [22] [23] [24] For the modified PIH, the seizure-free outcome in the first two postoperative years has been reported to be 82.7 and 66.7%. However, this outcome decreased at five years following surgery to 60.5 and 62.5%. [13] The largest study on seizure outcome was reported by Holthausen et al., [20] involving 333 hemispherectomies from 13 different centers with a minimum follow-up period of six months. The percentage of seizure-freedom was better in the patients who underwent hemispherotomy. (85% Class I) and in the group of patients who had pathologies like Rasmussen, Sturge-Weber, and vascular insults (94% Class I). The other group of patients, including those with cerebral dysplasia and other etiologies (sequel of infections, post meningitis, post encephalitis) became seizure-free in a much smaller proportion (68%).
Following the starting of the epilepsy program [15] [16] [17] [18] at our center, the first hemispherotomy was performed by the senior author [PSC] in 2001 after which 19 cases have been added. In the present series, 18/19 patients have been seizure-free with a varying degree of follow-up of upto 4 years. In one patient, while the generalizations stopped, he continued to have auras. The parents also reported witnessing occasional 'focal jerks' in the night while sleeping.
The present series may seem to have a very high rate of seizure-free outcome as compared with the literature. The reasons contributing is likely to be due [1] to a larger number of cases with a longer follow-up required to make a more judicial assessment. [2] Thirteen out of 19 cases were .good outcome pathologies [14] [15] [16] e.g (Rasmussen.s, post stroke). We have used an indigenously developed neuropsychological battery [25] in all except three children who were severely retarded. All the 16 patients improved significantly in their memory and intelligence scores (more than 2 SD) and 11 returned back to school.
In our series, five patients had a left-sided pathology. Since we do not have Wada's test available at our center, only functional MRI was performed. Functional MRI with sensorimotor, visual and language paradigms was performed but we have used only the sensorimotor data for interpretation due to lack of proper standardization for the other two parameters. Here 4/5 patients showed bilateral cortical activity. Two of these patients developed transient language problems following surgery. We do agree the shortcoming of this technique as compared with the 'gold standard' Wada's test, but are newer software modules with e.g. with real time fMRI does seem to hold a good promise. [16, 17] The fMRI used in our series was based on the assumption that language too may shift to the opposite hemisphere along with the motor functions. However, we do also reiterate that whatever would have been the results on fMRI, we would have still gone ahead with the surgical procedure as all these patients were quite sick and would have required the surgical procedure anyway. Furthermore, the role of either Wada or fMRI in hemispherotomy is unclear and does not seem to affect the surgical decisions. We are at present developing proper language modules and controls to assess language fMRI for patients evaluated henceforth.
Postoperative mortality and morbidity has been reported in detail by Cook et al. [18] and Jonas et al., [19] who compared the advantages and disadvantages associated with each subtype of PIH (anatomic, functional, and modified lateral hemispherectomy). They demonstrated that modified PIH seemed to have the least complication rate (11-35%) and a reduced necessity of shunt (9.4%). In VPH, the necessity for shunt placement was 16%. Generally the need for shunt has been more commonly seen in children with hemimegalencephaly. In our series, one patient developed hydrocephalus and two subdural hygromas; all of them requiring surgical treatment.
Conclusions
Hemispherotomy is a surgical procedure of hemispheric disconnection that has a low rate of complications, andseems to be as safe as other procedures for epilepsy surgery. Moreover, this procedure allows highest seizure-free outcome (in our series 94%) even though we do agree that our series is small to draw a reasonable assessment. A larger number with a longer follow-up will prove to highlight the long-term efficacy in the Indian scenario. We do acknowledge the limitations of this being a retrospective study.
Ethical clearance: The study included surgical procedures well accepted in the literature for these pathologies hence did not merit any ethical clearance.
